ABSTRACT The study of complex graphics due to their charm and complexity has become a significant area of research nowadays. The aim of this paper is to visualize antifractals like tricorns and multicorns in S-iteration orbit with s-convexity. Several beautiful aesthetic patterns are presented for antipolynomial z m +c of complex polynomial z m + c, for m ≥ 2 to explore the geometry of antifractals.
I. INTRODUCTION
In 1918, Gaston Julia [1] investigated the iteration process for complex function f (z) = z 2 + c where c be a complex number and attained a Julia set. Afterwards, the object Mandelbrot set was given by Mandelbrot by using c as a complex parameter in complex quadratic function in 1979 [2] . Mandelbrot sets and Julia sets are some of the best known illustrations of highly complicated chaotic systems generated by a very simple mathematical process. Mandelbrot introduced the name "Fractal" for such self similar structures. Fractals are not just complex shapes and pretty pictures generated by computers. Anything that appears random and irregular can be a fractal. Fractals are the exclusive, random patterns left behind by the unpredictable movements of the chaotic world at work. Crowe et al. [3] considered in formal analogy with Mandelbrot set and named it "Mandelbar sets" and showed its features bifurcations along arcs rather than at points. The word "tricorn" was introduced by Milnor for the connectedness locus for antiholomorphic polynomial z 2 + c, which performs an intermediate role between quadratic and cubic polynomials [4] . Tricorn has many similarities with the Mandelbrot set due to a compact subset of C. The threecornered nature, the main characteristic of a tricorn, repeats with variations at different scales, reflecting the same sort of self-similarity as the Mandelbrot set.
The symmetries of tricorn and multicorns have been analyzed by Lau and Schleicher [5] . Nakane and Schleicher [6] The associate editor coordinating the review of this article and approving it for publication was Gianluigi Ciocca. studied various properties of tricorn and multicorns and extracted that the multicorns are the generalized tricorns or the tricorns of higher order. They also investigated that the Julia set of a polynomial of the form A c (z) = z m + c for m ≥ 2 is either connected or disconnected and if the set of parameters c such that the Julia set of A c is connected, is called the multicorn. These multicorns are simply higherorder tricorns and they are used in the commercial field. Tricorn prints are being used for commercial purpose such as tricorn mugs and tricorn dresses like tricorn shirts.
These antifractals have been generalized in many different manners. One of these generalizations is the use of various iteration processes from the fixed point theory. These methods can be used in the generalization of antifractals. The dynamics of antiholomorphic complex polynomials z m + c for m ≥ 2 have been studied and explored via Mann iteration by Rani [7] , [8] . Antifractals have been studied extensively by Chauhan et al. [9] , Rani and Chugh [10] , Kang et al. [11] and Partap et al. [12] for various fixed point iterative schemes. The junction of a s-convex combination [13] and various iteration schemes studied in many papers. Mishra et al. [14] presented fixed point results in generation of tricorns and multicorns via Ishikawa iteration with s-convexity. Kang et al. [15] introduced new fixed point results for fractal generation using the implicit Jungck-Noor orbit with s-convexity, whereas Nazeer et al. [16] Jungck-CR iteration with s-convexity. In this paper we introduce and visualize a new class of antifractals in S-iteration orbit with s-convexity. We use the escape time algorithm to generate antifractals. The algorithm is based on the number of iterations necessary to determine whether the orbit sequence tends to infinity or not. To determine whether the orbit escapes or not we use the escape criterion. Moreover, we present some graphical examples of antifractals via the S-iteration with s-convexity.
This paper is organized as follows: In section 2 some basic definitions are presented. Section 3 contains the escape criterion for antifractals. In section 4 we generate antifractals by using S-iteration scheme with s-convexity. At last, paper has been concluded in section 5.
II. PRELIMINARIES
Definition 1 (Julia Set [19] ): Let f : C −→ C symbolize a polynomial of degree ≥ 2. Let F f be the set of points in C whose orbits do not converge to the point at infinity. That is, F f = {x ∈ C : {|f n (x)|, n varies from 0 to ∞} is bounded 
In fact, M contains an enormous amount of information about the structure of Julia sets. The Mandelbrot set M for the quadratic Q c (z) = z 2 + c is defined as the collection of all c ∈ C for which the orbit of the point 0 is bounded, that is
We choose the initial point 0, as 0 is the only critical point of Q c .
Definition 3 (Multicorn [20] ): The multicorns A c for the quadratic function A c (z) = z m + c for m ≥ 2 is defined as the collection of all c ∈ C for which the orbit of the point 0 is bounded, that is
where C is a complex space, A n c is the nth iterate of the function A c (z). An equivalent formulation is that the connectedness of loci for higher degree antiholomorphic polynomials A c (z) = z m + c are called multicorns. It is noticed that at m = 2, multicorns reduce to tricorn. [21] ): Consider a sequence {z n } of iterates for initial point z 0 ∈ C such that
Definition 4 (S-Iteration Orbit
where n = 0, 1, 2, . . . and γ n , δ n ∈ (0, 1]. This sequence of iterates is called the S-iteration orbit, which is a function of four arguments (f , z 0 , γ n , δ n ) and we will denote it by SO(f , z 0 , γ n , δ n ).
In the literature we can find some generalizations of the convex combination. One of such generalizations is the s-convex combination.
Definition 5 (s-Convex Combination [13] ): Let z 1 , z 2 , . . . , z n ∈ C and s ∈ (0, 1]. The s-convex combination is defined in the following way:
where λ k ≥ 0 for k ∈ {1, 2, . . . , n} and
It is noticed that the s-convex combination for s = 1 reduces to the standard convex combination. Now, we shall replace the convex combination in S-iteration orbit with the s-convex one.
Let Q c be a polynomial and z 0 ∈ C. We define the S-iteration with s-convexity as follows:
where n = 0, 1, 2, . . . and γ , δ, s ∈ (0, 1]. We will denote the S-iteration with s-convexity by SO s (f , z 0 , γ , δ, s).
In the following section we prove escape criteria for complex polynomials using the S-iteration with s-convexity.
III. ESCAPE CRITERION FOR ANTIFRACTALS
There are two different types of points in functional dynamics. First kind of points belongs to a stable set of infinity which leaves the interval after a finite number of iterations and second type of points have bounded orbits which never leave the interval after any number of iterations. The group of bounded points is called a prisoner set while the group of points belonging to the stable set of infinity is called the escape set. These sets are of prime importance in deciding the escape criterion of polynomials under various iterative schemes. These escape criteria are necessary to construct the antifractals which are at the core of various applications in computer graphics, image encryption etc. The escape criterion performs an important role in the generation and analysis of antifractals. We now obtain a general escape criterion for antipolynomials of the form Q c (z) = z m + c, m ≥ 2 in S-iteration orbit with s-convexity.
Theorem 6: Assume that |z| ≥ |c| > ( 
with Q c (z n ) = z m n + c we have |z n | → ∞ as n → ∞. Proof: Consider
For Q c (z) = z m + c, we have 
In the second step of the S-iteration with s-convexity we have
Since |z| > ( 
. (6) Using (6) in (5) we have
By binomial expansion upto linear terms of γ , we obtain
Because |z| > ( 
which implies
Therefore, there exists λ > 0, such that (sγ δ −γ +1)|z| m−1
We may apply the same argument repeatedly to obtain: 
then there exist λ > 0 such that |z n | > (1 + λ) n |z| and |z n | → ∞ as n → ∞.
IV. GENERATION OF ANTIFRACTALS
In this section tricorns and multicorns are presented for functions of the form z → z m + c for m ≥ 2 via S-iteration scheme with s-convexity. We used the escape time algorithm with the general escape criterion implemented in the software Mathematica 9.0 to generate the images. Pseudocode of the tricorns and multicorns generation algorithm is presented in Algorithm 1.
Algorithm 1 Generation of Tricorn and Multicorn
Input 
In Figs. 1-6 , tricorns are presented for Q c (z) = z 2 + c in S-iteration orbit with s-convexity by using maximum number of iterations 30, s = 0.4 and varying parameters are following:
• Fig Tricorn generated in S-iteration orbit with s-convexity.
FIGURE 2.
Tricorn generated in S-iteration orbit with s-convexity.
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FIGURE 4.
• Fig 
FIGURE 14.
Multicorn generated in S-iteration orbit with s-convexity.
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FIGURE 18.
V. CONCLUSION
In this paper escape criterion for antifractals has been presented with respect to S-iteration orbit with s-convexity and visualized the pattern of symmetry among them. We obtained many patterns of tricorns and multicorns by using different values of γ , δ and s. We found that the number of branches attached to the main body of the tricorns and multicorns are m+1, where m is the power of z and m ≥ 2. We also found that for m is odd the symmetry of multicorn is about both x-axis and y-axis but for m is even the symmetry is maintained only along x-axis. Attractive changes can be seen in antifractals generated in S-iteration orbit with s-convexity for different values of γ , δ and s. We think that results of this paper will inspire those who are interesting in generating automatically aesthetic patterns.
